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To  investigate  the  processes  of  the  formation  of  electron  clouds 
at  the  initial  stage  of  their  development  and  for  determining  the 
diffusion  factor  [2,  3,  7,  10-12],  we  built  a  coherent-impulse  radar 
unit  (KIR).  It  was  proposed  that  analysis  of  the  movement  of  a  cloud 
under  the  influence  of  wind  be  made  with  the  aid  of  two  automatic 
ionospheric  stations  (AIS). 

The  distances  of  the  AIS  from  the  projection  of  the  cloud  onto 
the  earth  was  30  kilometers  (first  point)  and  70  kilometers  (second 
point).  Both  points  of  observation  and  the  place  of  cloud  projection 
onto  the  earth  were  located  almost  on  a  straight  line. 

The  distance  of  the  KIR  from  the  cloud's  projection  onto  the 
earth  was  70  kilometers. 

Results  of  Observations  and  Their  Discussion 

On  19  October,  at  0700,  and  on  25  October  at  0715  we  created 
artificial  electron  clouds  by  ejecting  atomic  potassium  at  altitudes, 
respectively  of  115  and  133  kilometers.  In  both  experiments  the 
appearance  of  a  cloud  was  registered  by  ionospheric  stations  several 
minutes  after  operation  of  the  carrier  mechanism.  The  maximum 
frequency  of  a  reflected  signal  in  the  first  experiment  was  4.6  MHz; 
in  the  second  -  3  MHz.  The  duration  of  the  existence  of  reflections 
from  both  clouds  was  approximately  20  min.  Judging  from  the  results 
of  observations,  the  issue  of  atomic  potassium  apparently  did  not 
exceed  one  per  cent,  i.e.  ,  one  mole.  As  a  result  of  the  relatively 
low  level  of  electron  density  in  the  clouds,  the  coherent-impulse 
radar  did  not  register  the  signals  reflected  from  them. 

Or.  25  Octover,  at  1735  we  attempted  to  create  an  electron  cloud 
by  means  of  ejecting  atomic  cesium  at  an  altitude  of  130  kilometers. 
But  the  cloud  was  registered  neither  by  the  AIS,  nor  by  the  KIR, 
although  in  this  experiment,  just  as  in  the  two  preceding,  all  of  tne 
equipment  operated  normally.  It  is  interesting  to  note  that  in  the 
last  experiment  a  small  shining  cloud  was  generated  in  the  infrared 
area  of  the  spectrum. 
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Figure  la,  b,  and  c  shows  several  ionograms  obtained  at  the  first 
point,  with  images  of  the  cloud  created  on  19  October.  The  vertical 
lines  on  the  ionograms  are  1  MHz  frequency  marks;  the  first  line  on 
the  left  corresponds  to  1  MHz  and  the  horizontal  lines  are  altitude 
tags  applied  after  50  kilometers;  the  altitude  reading  is  made  from 
the  wide  band  down. 

Knowing  the  maximum  sensitivity  of  the  AIS  reception  and 
recording  equipment,  it  is  possible  to  evaluate  (using  a  radio  detec¬ 
tion  formula)  the  minimum  effective  diffusing  surface  a  ,  of  the 

min 

given  clouds,  if  the  reflections  from  them  have  been  registered  by 
the  AIS.  At  a  frequency  of  2  MHz,  at  a  distance  to  the  cloud  of  150 
kilometers,  °m^n  ~  50  m  .  Inasmuch  as  the  signal  being  reflected  by 
the  cloud  (judging  from  recordings  on  the  ionograms)  somewhat  exceeded 
the  minimum  detectable  by  the  AIS,  the  quantity  a  of  electron  clouds 

p 

in  our  experiments  was  on  the  order  of  several  hundreds  of  m  . 

Wind.  An  analysis  of  the  ionograms  shows  that  the  distance  from 
the  electron  cloud  to  the  ionospheric  stations  changes  with  time. 

This  testifies  to  movement  of  the  cloud  under  the  influence  of  wind. 
Figure  2  shows  a  graph  of  the  dependence  of  the  distance  from 
ionospheric  stations  to  the  cloud  in  a  time  function  in  the  second 
experiment  (1  -  first  point,  2  -  second  point).  From  these  data  an 
estimation  has  been  made  of  wind  velocity,  on  the  assumption  that  the 
cloud  moves  horizontally.  This  condition,  for  our  calculations,  is 
entirely  correct,  since  at  altitudes  of  110-140  kilometers  the  vertical 
component  of  wind  velocity  usually  is  considerably  less  than  the 
horizontal  component  [9]. 

If  we  maintain  that  a  projection  of  the  trajectory  of  cloud 
motion  onto  the  earth  is  an  extension  of  a  line  which  joins  the  first 
or  second  points  with  the  projection  of  the  cloud  to  the  earth  at  the 
moment  of  its  appearance,  then  the  average  wind  velocity  at  these 
altitudes  is  from  observations  at  the  first  point,  40  m/s;  at  the 
second  -  4l  m/s.  During  cloud  movement  perpendicularly  to  this 
direction,  the  average  wind  velocity  from  observations  at  the  first 
point  is  62  m/s,  and  at  the  second  -  80  m/s .  The  true  value  of  the 
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Fig.  2.  H..  =  altitude,  in  km. 


amount  of  wind  velocity  under  the  conditions  of  our  second  experiment 
Is,  within  the  limits  of  40-60  m/s. 

Diffusion.  After  the  formation  of  an  electron  cloud,  the  maximum 
frequency  of  the  reflected  signal  declines  with  time  (Fig.  1).  This 
occurs  as  a  result  of  diffusion,  since  the  value  of  the  other  processes 
which  reduce  the  electron  density  (adhesion,  recombination,  etc.)  is 
low  for  the  "life"  of  the  cloud  (2-5* 103  s),  beginning  at  an  altitude 
of  approximately  110  kilometers  [2]. 

Let  us  find  the  diffusion  factor  from  our  experimental  data, 
assuming  in  this  case  that  the  following  conditions  have  been  met. 

1.  The  distribution  of  electron  density,  n,  in  a  function  of  the 
distance  from  the  center  of  the  cloud,  r,  is  continuous.  In  actuality, 
the  cloud  consists  of  a  large  amount  of  clusters  of  ionization  [73- 
However,  the  amount  of  these  clusters  is  very  small,  and  the  distances 
between  the  neighboring  heterogeneities  of  ionization  and  their 
dimensions  are  less  than  the  shortest  wave  in  our  experiments  [7]; 
therefore,  function  n  =  $(r)  can  be  considered  continuous. 

2.  The  electron  cloud  is  ir  thermodynamic  equilibrium  with  the 
environment,  i.e.  ,  the  temperature,  pressure,  and  consequently,  the 
density  within  and  outside  the  cloud  are  identical.  This  condition 
is  accomplished  several  minutes  after  formation  of  the  cloud  [10]. 


FTD-MT-24-266-7C 


C 


3.  Expansion  of  the  cloud  as  a  result  of  diffusion  does  not 
disturb  the  dynamic  equilibrium  of  the  processes  of  photoionization 
and  recombination  of  discharges  within  it. 

4.  The  basic  reason  for  expansion  of  the  cloud  is  molecular 
diffusion.  This  is  explained  by  the  fact  that  the  influence  of  turbu¬ 
lent  processes  on  the  expansion  of  the  cloud,  beginning  at  altitudes 
of  115-120  kilometers,  as  asserted  by  a  number  of  investigators 

[9,  11,  12,  14],  is  substantially  less  than  of  molecular  diffusion; 
the  role  of  ambipclar  diffusion,  as  is  shown  in  [3],  several  minutes 
after  cloud  formation  is  also  comparatively  small.  During  this  time, 
of  dominant  value  already  is  the  diffusion  of  neutral  particles  which 
subsequently  undergo  photoionization. 

Thus,  it  can  be  considered  that  several  minutes  after  cloud 
formation  the  above  statements  are  usually  executed.  In  this  instance 
the  connection  of  the  electron  density  in  the  cloud,  n ,  with  the 
diffusion  factor,  D,  is  described  by  the  equation  of  molecular 
di f fusion 


dn 

01 


Dr«. 


(1) 


Further  let  us  assume  that  the  initial  form  of  the  clouds,  in 
the  first  approximation,  is  close  to  spherical  and  we  shall  ignore 
their  bending  under  the  influence  of  a  geomagnetic  field  [13]  or 
of  a  wind,  the  velocity  of  which  changes  with  altitude.  For  a  spheri¬ 
cal  cloud  solution  (1)  is  expressed  by  the  following  formula  (14] 


«(r,  t) 


N 

(4  r.  Dlf‘ 


e  4 />/ 


(2) 


where  N  -  the  total  amount  of  electrons  in  the  cloud,  n  -  the  electron 
concentration  in  it  at  moment  i,  at  a  distance  of  r  from  its  center. 


The  issue  of  atomic  potassium  from  the  containers  was  about  1% , 
therefore  N  ~  10“"  . 
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From  the  results  of  observations  of  electron  clouds  given  in 
[3,  5],  we  found  the  values  r  -  the  radius  of  that  part  of  the  cloud 
which  reflects  the  maximum  frequency  of  signal  f  in  from  6-10  min 
after  its  formation  (during  observations  with  an  auto,  atic  ionospheric 
station).  Thus,  for  instance,  at  the  8th  min  the  values  of  the  radius 
are  equal  to  approximately  3  and  4  kilometers,  respectively,  for 
clouds  created  at  altitudes  of  about  120  and  130  kilometers. 

The  connection  between  /  and  n  of  that  part  of  the  cloud  which 
reflects  oscillations  with  a  frequency  of  /  is  as  follows: 

f,n  -  IO’Kbo.H/i  Hz  (3) 


Graphs  of  dependence  /  =  plotted  from  the  results  of  our 

experiments,  are  given  in  Fig.  3  (1  -  first  point,  25  X;  2  -  second 
point,  19  X).  From  these  data  we  find  the  amount  of  the  diffusion 
factor  from  (2).  In  the  first  experiment  (at  an  altitude  of  115 
kilometers)  i?  =  5*10'  cm  /s ;  in  the  second  (at  an  altitude  of  133 

O  p 

kilometers)  D  ■*  1.3*10  cm'Vs .  A  comparison  of  these  values  D  with 
those  given  in  [3,  6,  11,  14]  indicates  tha.t  our  results  are  close 
to  the  amounts  of  D  directly  found  by  experimental  means  at  the 
appropriate  altitudes. 


fm  MHz 
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In  conclusion, 
directing  the  work. 


the  authors  sincerely  thank  L.  A.  Katasev  for 
and  his  constant  aid  in  its  completion. 
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For  the  last  decade,  investigations  have  been  conducted  abroad 
of  the  physical  processes  in  the  upper  layers  of  the  atmosphere, 
using  artificial  electron  floyds.  Similar  experiments  have  been 
initiated  at  the  Institute  of  Experimental  Meteorology  (IEM). 

In  accordance  with  programmed  work,  during  October  of  1967 
artificial  electron  clouds  were  created  over  a  point  located  in 
the  central  zone  of  the  territory  of  the  USSR.  The  goal  of  this 
stage  of  ■:  hr  work  was  to  obtain  experimental  data  for  selecting 
the  procedure  of  investigating  physical  processes  in  area  E  of 
the  ionosphere. 
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